Attorney Docket No. 25-262 
ENDOSCOPE OBJECTIVE LENS 

BACKGROUND OF THE INVENTION 

Endoscopes are conventionally used at medical treatment facilities for observing or 
providing treatment within the body of a patient. The objective lens currently proposed for use in 
this type of endoscope has a back-focus of zero, with the image-side surface of the final lens 
5 element in contact with an end surface of a fiber optical bundle of an image guide, as in Japanese 
Laid-Open Patent Application H02-69710. However, in such a case, there is concern that the 
total length of the objective lens may become too long, making the endoscope difficult to 
operate. Therefore, an objective lens disclosed in, for example, Japanese Laid-Open Patent 
Application H02-1 76612 has been proposed as an objective lens with a short focus adjustment 

1 0 space. Further, the objective lens described in, for example, Japanese Laid-Open Patent 
Application H09-68647 discloses a compact, three lens element construction. 

However, since the objective lens of the above-mentioned Japanese Laid-Open Patent 
Application H02-1 76612 has a comparatively large positive refractive power in the third lens 
element, an aspheric surface must be introduced in order to correct various aberrations such as 

1 5 coma and astigmatism, making it difficult to achieve a high precision due to problems in 
processing. On the other hand, with the objective lens described in the above-mentioned 
Japanese Laid-Open Patent Application H09-68647, correction of spherical aberration is not 
always sufficient due to the placement of the diaphragm and the amount of refractive power of 
the first lens element. 

20 

BRIEF SUMMARY OF THE INVENTION 

The present invention relates to an endoscope objective lens that has a comparatively 
narrow diameter, provides high optical performance, and is compact. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from the detailed description 
given below and the accompanying drawings, which are given by way of illustration only and 
thus are not limitative of the present invention, wherein: 
5 Fig. 1 shows a cross-section of the endoscope objective lens according to Embodiment 1; 

Figs. 2A - 2D show the spherical aberration, astigmatism, distortion, and lateral color, 
respectively, of the endoscope objective lens according to Embodiment 1; 

Fig. 3 shows the coma as a function of the field angle co for the endoscope objective lens 
according to Embodiment 1; 
1 0 Fig. 4 shows a cross-section of the endoscope objective lens according to Embodiment 2; 

Figs. 5A - 5D show the spherical aberration, astigmatism, distortion, and lateral color, 
respectively, of the endoscope objective lens according to Embodiment 2; 

Fig. 6 shows the coma as a function of the field angle co for the endoscope objective lens 
according to Embodiment 2; 
1 5 Fig. 7 is a cross-section of an endoscope objective lens of a first comparative example; 

Figs. 8A - 8D show the spherical aberration, astigmatism, distortion, and lateral color, 
respectively, for the endoscope objective lens shown in Fig. 7; and, 

Fig. 9 shows the coma as a function of the field angle co for the endoscope objective lens 
shown in Fig. 7. 

20 DETAILED DESCRIPTION 

The endoscope objective lens of the present invention has a three-group, three-element 
construction formed of, in order from the object side: a first lens element of negative refractive 
power and either a meniscus or a plano-concave shape with its concave surface on the image 
side; a stop; a second lens element of positive refractive power and a plano-convex shape with its 

25 convex surface on the image side; and a third lens element of positive refractive power and a 
plano-convex shape with its convex surface on the object side. The stop is positioned on or in 
contact with the object-side surface of the second lens element. In addition, the following 
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Conditions (1) - (3) are satisfied: 

2.00 < | fl / f | < 3.00 . . . Condition (1) 

2.50 < | fl / D2 | < 7.50 . . . Condition (2) 
|D3/R4|<1.00 ... Condition (3) 

5 where 

fl is the focal length of the first lens element; 

f is the focal length of the endoscope objective lens; 

D2 is the on-axis spacing between the first lens element and the second lens element; 
D3 is the center thickness of the second lens element; and 
10 R4 is the radius of curvature of the image-side surface of the second lens element. 

By being formed in the manner described above, the objective lens of the present 
invention is both compact and provides favorable correction of various aberrations. By satisfying 
both Conditions (1) and (2), a sufficient angle of view can be assured while enabling distortion to 
1 5 be suppressed. By satisfying Condition (3), generation of coma is suppressed. 

Moreover, with the objective lens according to the present invention, it is preferable that 
the image-side surface of the third lens element "makes contact with" the end surface of an 
optical fiber bundle or the end surface of an image detector that is arranged on the image side of 
the objective lens. The expression "makes contact with" is herein defined as including the 
20 situation of the image-side surface of the third lens element making contact via a protective layer, 
such as a cover glass, or the like. 

It is preferable that the objective lens according to the present invention also satisfies the 
following Condition (4): 

ndl>1.80 ... Condition (4) 

25 where 

ndl is the refractive index of the first lens element at the d-line (587.6 nm). 
By using an optical glass with a high index of refraction that satisfies Condition (4), the 
refractive power required for the first lens element can be maintained the same even though the 
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radius of curvature of the concave lens element surface on the image-side is increased. 

It is preferable that the objective lens according to the present invention have the first lens 
element, in order from the object side, be molded of either glass or plastic. By this, a minute and 
highly precise first lens element having a plano-concave shape or a negative meniscus shape can 
5 be more easily provided. 

In addition, it is preferable that the second lens element and third lens element of the 
endoscope objective lens according to the present invention have their convex surfaces be 
spherical in shape and be formed by grinding. In this manner, minute and high-precision second 
and third lens elements having a plano-convex shape can be more easily obtained. 

1 0 A general description of the endoscope objective lens of the present invention that 

pertains to both embodiments of the invention will first be described with reference to Fig. 1 that 
shows Embodiment 1 and with reference to Fig. 4 that shows Embodiment 2. In Figs. 1 and 4, 
lens elements are referenced by the letter L followed by a number denoting their order from the 
object side of the endoscope objective lens along the optical axis Zl, from LI to L3. Similarly, 

1 5 the radii of curvature of the lens element surfaces are parenthetically referenced by the letter R 
followed by a number denoting their order from the object side of the endoscope objective lens, 
from (Rl) to (R6). The on-axis surface spacings along the optical axis Zl of the various optical 
surfaces are referenced by the letter D followed by a number denoting their order from the object 
side of the endoscope objective lens, from Dl to D5. 

20 The endoscope objective lens of the present invention has a comparatively small size. 

For example, the outer diameter O of the endoscope objective lens is 1 .0 mm or less, and the 
endoscope objective lens has a three group, three lens element construction. More specifically, 
the endoscope objective lens is formed of, in order from the object side along the optical axis Zl, 
a first lens element LI of negative refractive power, a second lens element L2 of positive 

25 refractive power, and a third lens element L3 of positive refractive power. As described above, a 
diaphragm stop St is arranged on or in contact with the object-side surface of the second lens 
element L2. Furthermore, an end face (not shown in the drawing) of an optical fiber bundle such 
as an image guide fiber or the like for leading the luminous flux to the eyepiece of the endoscope 
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may be arranged at the image surface of the endoscope objective lens. Alternatively, an image 
detector (not shown) such as a CCD (Charge Coupled Device) with protective cover glass can be 
positioned at the image surface of the endoscope objective lens. Moreover, all of the optical 
surfaces (i.e., the surfaces which transmit luminous flux) are constructed as either spherical or 
5 planar surfaces, and each lens element is formed of optical material having a substantially 
uniform distribution of index of refraction. 

The first lens element LI of negative refractive power has either a plano-concave shape or 
a meniscus shape with its concave surface on the image side. The first lens element LI is 
preferably formed by a molding process. The second lens element L2 has positive refractive 
10 power and a plano-convex shape with its convex surface on the image side. Furthermore, the 
third lens element L3 has positive refractive power and a plano-convex shape with its convex 
surface on the object side. It is preferable that the image-side surface S6 of the third lens element 
L3 makes contact with the end face of the optical fiber bundle or the cover glass of the image 
detector, as described above. In addition, the second and third lens elements L2 and L3 
1 5 preferably have spherical surfaces that have been formed by grinding. 

This endoscope objective lens is constructed so as to satisfy the above Conditions (1) - 
(3), and preferably, also satisfies the above Condition (4). A description will be given hereafter 
of the operation and efficacy of the endoscope objective lens. 

Since this endoscope objective lens has a simple construction using only three lens 
20 elements LI through L3 and also satisfies Conditions (1) through (3), it has the ability to 

favorably correct various aberrations while achieving compactness. Further, since each of the 
surfaces SI - S6 is planar or spherically shaped, high precision processing of the surfaces can be 
easily provided. In addition, by arranging a diaphragm stop St on or in contact with the object- 
side surface S3 of the second lens element L2, the incident ray direction onto the image surface 
25 can be made to be nearly parallel to the optical axis Zl . Thus, by having the endoscope objective 
lens be substantially telecentric, suppression of loss of light during passage through the optical 
fiber of the image guide becomes possible. Moreover, the endoscope objective lens produces 
incidence angles onto the detecting surface of an image detector that are substantially parallel to a 
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line drawn normal to the detecting surface of the image detector, thus enabling the quantity of 
light from the object to be efficiently detected. 

Condition (1 ) stipulates the ratio of the focal length fl of the first lens element LI divided 
by the focal length f of the endoscope objective lens. By satisfying this Condition (1), an 
5 appropriate power range of the first lens element LI is assured. 

Condition (2) stipulates the ratio of the focal length fl of the first lens element divided by 
the on-axis spacing D2. By satisfying Condition (2), an appropriate range of on-axis spacing D2 
is assured. If the upper limit of Condition (1) is exceeded, or if the upper limit of Condition (2) 
is exceeded, the power of the first lens element will be insufficient, thereby making it difficult to 
10 obtain a sufficient angle of view. On the other hand, if the lower limit of Condition (1) is not 
satisfied or if the lower limit of Condition (2) is not satisfied, distortion becomes difficult to 
suppress. 

Condition (3) stipulates the ratio of the central thickness D3 of the second lens element 
L2 divided by the radius of curvature R4 of the image-side surface S4 of the second lens element 

1 5 L2. If the center thickness D3 and the radius of curvature R4 are made to be equal when the 

diaphragm stop St is placed on or in contact with the surface S3, in other words, when | D3 / R4 | 
equals 1, the main beam of luminous flux entering from the surface S3 enters orthogonally to the 
surface S4. Here, if | D3 / R4 | is made to be greater than 1 , in other words, when exceeding the 
upper limit of Condition (3), the oblique ray is drastically refracted at the surface S4, which 

20 causes coma to be generated. However, by satisfying Condition (3), the generation of coma can 
be controlled. 

In addition, the endoscope objective lens of the present invention is constructed, for ease 
of manufacture, by chronologically inserting within a lens element barrel a first lens element LI, 
a spacer, a diaphragm stop St, a second lens element L2, a spacer, and a third lens element L3. In 
25 the case of constructing the endoscope objective lens in this manner, the third lens element L3 

must be fixed in place. A conventional method of fixing the position of the third lens element is 
to use a retaining ring that presses against the lens surface near its periphery and is attached to the 
lens barrel; however, since the back focus is zero with this imaging lens element, it can be fixed 
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in position by having the image-side surface S6 of the third lens element L3 make contact with 
the end face of the optical fiber bundle or with the cover glass of the image detector, as described 
above. This enables the third lens element L3 to be fixed in position without requiring a 
retaining ring, thereby enabling the full area of the lens surface to pass light flux while preventing 
5 an increase of the lens element outer diameter, as would be required if a retaining ring were to be 
used without eclipsing a part of the available light flux. 

Condition (4) stipulates the refractive index of the glass material used in the first lens 
element LI . The first lens element LI , as described above, requires the power stipulated 
according to Condition (1), and as one conceivable method thereof, for instance, the radius of 

10 curvature R2 of the surface S2 can be made smaller. However, if the radius of curvature R2 is 
made to be too small, then not only is the generation of aberrations made easier, but there is the 
risk of not being able to secure the size of the required effective diameter. For this reason, by 
using glass material which has a high refractive index that satisfies Condition (4), the power of 
the first lens element LI can be easily obtained as stipulated by Condition (1) without making the 

1 5 radius of curvature R2 too small. Furthermore, increasing to a certain extent the radius of 

curvature R2 of the surface S2 which is concave is beneficial in that it allows greater ease of 
processing. 

Since the endoscope objective lens of the present embodiment is extremely minute in 
size, production using normal formation methods is very difficult. Suppressing a small 

20 centering error is especially difficult with the first lens element LI having a concave-shaped 
surface S2, for instance, when using what is known as the bell clamp method to perform 
centering by pushing a chuck on both sides of the lens element. For this reason, the first lens 
element LI is preferably a molded lens element formed from a mold that uses heat resistant 
ceramic or the like. In this case, it is particularly desirable that a glass molded lens element be 

25 used, but a plastic molded lens element may also be used. On the other hand, the second lens 
element L2 and the third lens element L3 that do not have a concave surface are preferably 
formed by grinding each from a ball lens element, as follows. A ball lens element having a 
prescribed outer diameter is ground so as to have a desired central thickness, and the lens element 
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having the desired central thickness is centered so as to have a desired outer diameter. 

In this manner, the endoscope objective lens of the present invention provides a compact, 
substantially telecentric construction with favorable correction of aberrations and a sufficiently 
wide angle of view. In addition, since the endoscope objective lens of the present invention does 
5 not use any aspheric surfaces, the lens element surfaces can be easily manufactured. Because the 
endoscope objective lens is substantially telecentric, loss of light when conveying an image using 
a light guide is reduced and the efficiency in detecting images is enhanced. 

Two embodiments of the invention will now be described in detail. 

Embodiment 1 

10 Fig. 1 is a cross-section that illustrates the lens element configuration according to 

Embodiment 1 of the present invention. 

Table 1 below lists the surface number #, in order from the object side, the radius of 

curvature R (in mm) of each surface, the on-axis surface spacing D (in mm) between surfaces, as 

well as the refractive index N d and the Abbe number v d (both at the d-line of X = 587.6 nm) of 
1 5 each lens element of Embodiment 1 . In the bottom portion of the table are listed the focal 

length and the object distance (as measure from the object to surface #1 SI) of the endoscope 

objective lens of this embodiment. 
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1.1000 


0.1860 








3 


oo 


0.5500 


1.88300 
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1.1506 


1.88300 
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f = 0.5 mm Object distance = 1 0 mm 
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Figs. 2A -2D show the spherical aberration, astigmatism, distortion, and lateral color, 
respectively, for the endoscope objective lens of Embodiment 1. Each figure indicates the 
aberration for the d-line as the standard wavelength, and Figs. 2A and 2D also indicate the 
specified aberration for the F-line (wavelength: 486.1 nm) and the C-line (wavelength: 656.3 
5 nm). In Fig. 2B, the astigmatism is shown for both the sagittal S and the tangential T image 
planes. 

Fig. 3 shows the coma at half-field angles co of 0, 20.1, 31.3 and 45.0 degrees, for both 
the tangential image plane (left column) and the sagittal image plane (right column), for 
Embodiment 1 . The vertical axis dimension for each curve is in |im. As the coma on axis (co = 
10 0°) is the same for both the tangential and sagittal image planes, only the curve for the tangential 
image plane is illustrated in the bottom row of the figure. Moreover, the standard wavelength for 
each aberration curve is the d-line. 

Embodiment 2 

Fig. 4 is a cross-section that illustrates the lens element configuration according to 
1 5 Embodiment 2 of the present invention. 

Table 2 below lists the surface number #, in order from the object side, the radius of 
curvature R (in mm) of each surface, the on-axis surface spacing D (in mm) between surfaces, as 
well as the refractive index N d and the Abbe number v d (both at the d-line of X = 587.6 nm) of 
each lens element of Embodiment 2. In the bottom portion of the table are listed the focal length 
20 and the object distance (as measure from the object to surface #1 SI) of the endoscope objective 
lens of this embodiment. 
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Figs. 5A - 5D show the spherical aberration, astigmatism, distortion, and lateral color, 
respectively, for the endoscope objective lens of Embodiment 2. Each figure indicates the 
aberration for the d-line as the standard wavelength, and Figs. 5A and 5D also indicate the 
specified aberration for the F-line (wavelength: 486.1 nm) and the C-line (wavelength: 656.3 
nm). In Fig. 5B, the astigmatism is shown for both the sagittal S and the tangential T image 
planes. 

Fig. 6 shows the coma at half-field angles co of 0, 24.2, 38.7 and 59.0 degrees, for both 
the tangential image plane (left column) and the sagittal image plane (right column), for 
Embodiment 2. The vertical axis dimension for each curve is in \im. As the coma on axis (co = 
0°) is the same for both the tangential and sagittal image planes, only the curve for the tangential 
image plane is illustrated in the bottom row of the figure. Moreover, the standard wavelength for 
each aberration curve is the d-line. 

Table 3 below lists, for each embodiment, the angle of view 2co, the image height h (in 
mm), the effective f-number F N0 , the stop diameter SD (in mm), and the computed values that 
correspond to Conditions (1 ) - (3). Moreover, in order to make an easier comparison, for each 
embodiment, the focal length f for the endoscope objective lens is 0.5 mm while the distance 
between the object and the object-side surface SI of the first lens element is 10 mm. 



TABLE 3 

Embodiment 1 Embodiment 2 

Angle of View 2co 90.09° 118.07° 

Image height h 0.347 mm 0.410 mm 

Effective F N0 3.058 3.063 

Stop Diameter SD 0.190 mm 0.214 mm 

Condition (1): | fl/f | 2.423 2.586 

Condition (2) : |fl / D2| 6.522 3.289 

Condition (3) : |D3 / R4| 0.887 0.890 

As shown in Table 3 above, each of Embodiments 1 and 2 satisfies Conditions (1) - (3). 
Furthermore, as can be seen in Tables 1 and 2 above, the refractive index ndl of the first lens 
element in Embodiments 1 and 2 are both 1.90680, thereby satisfying Condition (4). 
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As can be understood from each of the aberration diagrams, and Tables 1 - 3, Conditions 
(1) - (4) are satisfied and the various aberrations are favorably corrected for each embodiment, 
thereby enabling the comparatively easy realization of a more compact construction while 
securing a sufficient angle of view 2co. 

5 Prior Art Comparative Example 

A description of a conventional endoscope objective lens will now be provided in order to 
serve as a comparative example for comparison with the endoscope objective lens of the present 
invention. Fig. 7 shows the lens element configuration of such a conventional endoscope 
objective lens. The first lens element LI 1 through the third lens element LI 3 in the endoscope 
1 0 objective lens of the comparative example correspond to the first lens element LI through the 

third lens element L3 in the endoscope objective lens of Embodiments 1 and 2 (Fig. 1 and Fig. 4) 
that relate to the present invention. 

Table 4 below lists the surface number #, in order from the object side, the radius of 
curvature R (in mm) of each surface, the on-axis surface spacing D (in mm) between surfaces, as 
1 5 well as the refractive index N d and the Abbe number v d (both at the d-line of X = 587.6 nm) of 
each lens element of this prior art comparative example. In the bottom portion of the table are 
listed the focal distance f and the object distance (as measure from the object to surface #1, SI) 
of the endoscope objective lens according to this prior art comparative example. 
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f = 0.5 mm Object distance = 10 mm 
As illustrated in Fig. 7, in this Comparative Example, the diaphragm stop St is positioned 
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between the first lens element LI 1 and the second lens element LI 2. 

Table 5 below lists the angle of view 2co, the image height h (in mm), the effective f- 
number F N0 , the stop diameter SD (in mm), and the computed values that correspond to 
Conditions (1 ) - (3). Moreover, in order to make an easier comparison, the focal length f for the 
endoscope objective lens of this comparative example is again 0.5 mm while the distance 
between the object and the object-side surface SI of the first lens element is again 10 mm. 



Figs. 8A - 8D show the spherical aberration, astigmatism, distortion, and lateral color, 
respectively, for the endoscope objective lens of this Prior Art Comparative Example. Each 
figure indicates the aberration for the d-line as the standard wavelength, and Figs. 8A and 8D 
also indicate the specified aberration for the F-line (wavelength: 486.1 nm) and the C-line 
(wavelength: 656.3 nm). In Fig. 8B, the astigmatism is shown for both the sagittal S and the 
tangential T image planes. 

Fig. 9 shows the coma at half-field angles co of 0, 24.3, 37.6 and 54.6 degrees, for both 
the tangential image plane (left column) and the sagittal image plane (right column), for this 
Prior Art Comparative Example. The vertical axis dimension for each curve is in nm. As the 
coma on axis (co = 0°) is the same for both the tangential and sagittal image planes, only the 
curve for the tangential image plane is illustrated in the bottom row of the figure. Moreover, the 
standard wavelength for each aberration curve is the d-line. 

As is apparent from viewing Table 5, the endoscope objective lens of the Comparative 
Example does not satisfy Conditions (1) - (3). Therefore, as shown in Figs. 8B and 9, sufficient 



TABLE 5 



Angle of View 2co 
Image height h 
Effecti 

ve f N o 
Stop Diameter SD 

Condition (1) : | fl /f | 

Condition (2) : j fl / D2 | 

Condition (3): |D3/R4| 



105.26° 

0.420 

3.130 



0.160 mm 
9.277 

37.956 

1.087 
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performance is not obtained due to the astigmatism and coma, respectively, being excessive. 

The invention being thus described, it will be obvious that the same may be varied in 
many ways. For example, the radii of curvature for each lens element, the on-axis spacing D of 
the surfaces, as well as the refractive indexes of the lens elements are not limited to the values 
5 given in the Embodiments above, as alternative values are also possible. For example, in 
Embodiments 1 and 2 above, the first lens element is made to be a plano-concave shape. 
However, the first lens element may instead be a meniscus shape having a negative refractive 
power. Such variations are not to be regarded as a departure from the spirit and scope of the 
invention. Rather, the scope of the invention shall be defined as set forth in the following claims 
1 0 and their legal equivalents. All such modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the following claims. 
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